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1) Soybean linkage tests with ms2 
S. C. Anand 
G. S. Brar 
I n the last decade, at least four i ndependently inherited, nuclear r e-
cessive genes for male ste r i lity (ms
1
, ms
2
, ms
3
, ms
4
) in soybeans have been 
discovered (Brim and Young , 1971; Bernard and Cremeens , 1974; Palmer, 1979; 
Palmer et al., 1980). The s uccessful exploitation of genetic male sterility 
in soybean breeding programs r equires that male-sterile plants be r eadily 
distinguishable from male-fertile sibs . At present, soybean mal e s t e riles 
are conveniently distinguishable from male- fer tile sibs only af t e r pod devel-
opment, when the reduced pod set and delayed physio l ogi c ma turity of male-
sterile plants become evident. Even then, misclassification is possible 
when disease reduces pod set on male-fer tile plants , or when conditions favor 
pollen transfer t o enhance pod set on male- sterile plants. 
Classification of male-sterile and male- fertile plants could be facili-
t a ted more conveniently with the use of a genetic marker that was tightly 
linked with a ma l e-sterile gene , provided that the marker gene conditioned 
easily recognizable phenotypes, preferably expressed pr ior t o flowering to 
permit r ogueing prior to pollination. At present, the only known linkage 
with a genetic male sterile is ms
1 
wi th w
1 
(flower color) with a r ecombina-
tion value of 29 . 7 _2: 1.6% (Palmer, 1977) . The objective of this investiga-
t i on was to sear ch fo r a gene tic marker tightly linked wi th the ms
2 
gene in 
s oybeans . 
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For all linkage crosses in this study, a backcross-derived near-isogenic 
line of the cultivar 'Williams', possessing the ms
2 
gene, was used as the fe-
male parent, while several backcross-derived near-isogenic lines of the cul-
tivar 'Clark', possessing the various selected marker genes, were used as the 
male parents. F2-linkage results are presented in Table 1 for crosses in-
volving various marker genes with ms
2
• Linkage intensities were derived from 
the F2-segregation data using the method of maximum likelihood t o obtain re-
combination values and standard errors (Mather, 1951). 
Of the 27 markers tested for linkage with ms
2 
(Table 1), only four (e2 , 
Lf1 , Pd1 , and y9 ) had calculated recombination values that were judged to be 
significantly less than 50%. Further examination of these four putative 
linkages by means of chi-square tests for goodness of fit between the ob-
served F2-class frequencies and the theoretical frequencies (expected on the 
basis of the calculated recombination values), indicated poor fits for the 
2 ? supposed linkages of e
2
-ms
2 
( X = 9.95, P < 0.01) and y
9
-ms
2 
(X- =1 . 50, P = 
0.04). This suggested that the disturbance in the F2-segregation ratios was 
due to factors other than linkage. Indeed, monogenic segregation ratios for 
E2 :e2 phenotypes and Y9 :y9 phenotypes were significantly different from an 
expected 3:1 segregation, indicating probable classification errors. Good 
fits were , however, obtained for the putative linkages of Lf
1
-ms2 (x
2 = 1.44, 
2 P = 0.49) and Pd
1
-ms
2 
( X = 1.50, P = 0.47). No reports of linkage of Lf
1 
with Pd
1 
were found in the literature. The presumed linkages of Lf1-ms2 and 
Pd
1
-ms
2
, if confirmed, are not tight enough, however, to be employed as a 
mechanism of distinguishing male-sterile and male-fertile plants. 
Since Clark and Williams differed in flower color, F2-linkage results 
for crosses involving the various marker genes with w1 are presented in Table 
2. Of the 25 markers, only Ps had a recombination value with w1 that was 
judged to be significantly less than 50%. A chi-square goodness of fit test 
indicated a good fit of observed with theoretical frequencies expected, 
based on the calculated recombination value. Further linkage tests will be 
required to confirm this putative linkage of Ps and w
1
. 
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Table 1 
F
2 
linkage test data for crosses involving 27 mar ker genes with 
the ms gene for genetic male sterility 
2 
Genes 
Aa Bb 
Dt
1
dt
1 
Ms
2
ms
2 
Dt
2
dt
2 
Ms 2ms2 
Ff Ms 2ms2 
Ss Ms
2
ms 
2 
E
1
e
1 
Ms
2
ms
2 
E
2
e 2 Ms 2ms2 
E
3
e
3 
Ms
2
ms2 
Lf
1
lf
1 
Ms
2
ms2 
Lf
2
lf
2 
Ms
2
ms2 
Lolo Ms
2
ms
2 
Lw
1
1w
1 
Ms
2
ms
2 
Plpl Ms2ms2 
P2p2Ms2ms2 
Pepe Ms
2
ms
2 
Pd
1
pd
1 
Ms
2
ms
2 
Pd
2
pa.
2 
Ms
2
ms2 
Psps Ms
2
ms
2 
Y 3Y3 Ms2ms2 
Y
9
y
9 
Ms
2
ms
2 
Ii Ms
2
ms
2 
L
1
1
1 
Ms
2
ms
2 
Rr Ms
2
ms
2 
Tt Ms
2
ms
2 
Tdtd Ms
2
ms
2 
w
1
w
1 
Ms
2
ms
2 
rvmwm Ms 2ms 2 
Nn Ms
2
ms
2 
t Phenotypic classes 
AB 
175 
118 
101 
147 
50 
58 
54 
124 
121 
70 
31 
23 1 
40 
160 
215 
46 
91 
132 
173 
67 
207 
80 
246 
249 
3574 
50 
164 
Ab aB 
53 
56 
36 
49 
16 
32 
21 
40 
39 
16 
16 
66 
17 
56 
69 
13 
27 
47 
53 
43 
71 
35 
92 
65 
1163 
16 
66 
39 
70 
38 
48 
25 
44 
45 
32 
37 
32 
20 
96 
14 
37 
56 
10 
30 
46 
83 
29 
80 
36 
68 
65 
1034 
14 
47 
ab 
21 
4 
12 
10 
8 
6 
11 
22 
14 
9 
9 
27 
6 
16 
33 
4 
8 
8 
12 
19 
28 
9 
34 
18 
372 
5 
16 
Sum 
288 
248 
187 
254 
99 
140 
131 
218 
211 
127 
76 
240 
77 
269 
373 
73 
156 
233 
321 
158 
386 
160 
440 
397 
6143 
85 
303 
% Recombination 
+ S.E. 
57 . 4 + 4.0 
77 . 0 + 6.0 
48 . 3 + 5 . 6 
56.4 + 5.0 
50.2 + 7 . 6 
32 . 4 + 7.5 
43.9 + 7.0 
39 .7 + 4.5 
52.2 + 5 .0 
51.3 + 6 . 6 
50 . 8 + 8 . 5 
50 . 7+3.7 
50 . 3 + 8.5 
52.5 + 4.4 
14. 8 + 3 . 5 
44.8 + 8.3 
51.4 + 6 .1 
40.1 + 5.4 
38.8 + 4.7 
52 . 3 + 5.8 
49 . 7 + 3 . 8 
42 . 5 + 6 . 4 
46.2 + 3 . 4 
51.7+3 . 7 
48 . 6 + 0.9 
51.6 + 8.0 
44.9 + 4 . 6 
Linkage 
phase* 
R 
c 
R 
c 
c 
R 
R 
c 
R 
R 
R 
c 
R 
R 
c 
c 
c 
R 
R 
R 
c 
R 
c 
R 
c 
R 
R 
t 
A and a represent the appropriate dominant and recessive marker alleles, 
respectively; B and b represent Ms 2 and ms 2 , respectively. *R represen t s a 
repulsion phase cross (AAbb x aaBB); C represents a coupling phase cross 
(AABB x aabb) . 
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Table 2 
F2-linkage test data for crosses involving 25 marker genes 
with the w1 for flower color 
Genes Phenotypic classes t 
% Recombination Linkage 
Aa Bb AB Ab aB ab Sum ± S.E . phase* 
Dt
1
dt
1 
w
1
w
1 
179 49 50 10 288 46.7 + 4.6 R 
Dt2dt2 w1w1 
120 54 54 20 248 52.0 + 4.9 c 
Ff w
1
w1 
117 20 35 15 187 61.6+4.7 R 
Ss w
1
w
1 
152 44 50 8 254 57.7 + 5.1 c 
Elel Wlwl 49 17 27 6 99 56.6 + 8 .1 c 
E2e2 wlwl 66 24 42 8 140 40.6 + 7.0 R 
E3e3 Wlwl 60 15 44 12 131 48.7 + 6.7 R 
Lf
1
lf
1 
w
1
w
1 
116 48 40 14 218 52.4 + 5.2 c 
Lf2lf2 
w
1
w1 
120 40 40 11 211 47.3 + 5.3 R 
Lolo w1w1 
74 12 34 7 127 49.8 + 6.7 R 
Lw
1
lw
1 
w
1
w
1 
36 11 23 6 76 45.0 + 9.1 R 
Plpl Wlwl 223 74 100 23 420 55.4 + 3.9 c 
P2p2 Wlwl 40 17 17 3 77 37.8 + 9.6 R 
Pepe w
1
w
1 
160 56 43 10 269 44.5 + 4.9 R 
Pdlpdl Wlwl 227 57 69 20 373 47 .8 + 3.8 c 
Pd2pd2 wlwl 43 16 11 3 73 54.6 + 9.2 c 
Psps w
1
w
1 
99 19 25 13 156 36.6 + 5.1 c 
Y3Y3 Wlwl 139 40 46 8 233 43.4 + 5.3 R 
Y9Y9 Wlwl 187 39 66 29 321 59.3 + 3.7 R 
Ii w
1
w1 
79 31 38 10 158 44.4 + 6.3 R 
Llll wlwl 208 70 84 24 386 52.4 + 3. 9 c 
Rr w1w1 98 17 36 
9 160 53 .5 + 5.7 R 
Tdtd w1w1 
226 88 62 21 397 47.6 + 3.9 R 
Nn w
1
w
1 
175 55 52 21 303 53.5 + 4.1 R 
Tt wlwl 252 86 82 20 440 54.7 + 3.8 c 
tA and a represent the appropriate dominant and recessive marker alleles, 
respectively; B and b represent w1 and w1 , respectively. * R represents a re-
pulsion phase cross (AAbb x aaBB); C represents a coupling phase cross 
(AABB x aabb). 
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1) Amylase and acid phosphatase genotypes of Glycine max, Glycine soja and 
Neonotonia wightii . 
Three amylase loci, Am-1, Am-2 , and Am-3, have been identified by electro-
phoresis (Gorman and Kiang , 1978) . The activity of amylase at Am-1 and Am-2 
is very weak, and that at Am-3 is much str onger. Based on heat lability and 
chemical reaction, Reiss (1978) concluded Am-1 and Am- 2 represent a - amylase 
and Am-3 B-amylase . The Am-3 locus has four electrophoretic variants, namely, 
fast (F, rf = . 51) , slow (5 , rf = . 4 1) , null 2 (52 slow with weak activity) , 
and null 1 (n
1
) (Gorman and Kiang, 1977, 1978; Kiang, 1980 , and unpublished 
data) . These four variants appear allelic only with regard to Am- 3 with F 
and 5 codominant, 5
2 
recessive t o F and 5 , but dominant over n
1 
(Kiang , 1980 , 
1981; Hildebrand and Hymowitz, 1980b) . 
Soybean-variety-specific ac id phosphatase elec trophoretic zymograms were 
reported (Gorman, 19 76) . No variation was observed for the first and second 
zymogram bands . The third band (AP-3) displayed three mobility variants , 
fas t (F, rf = . 53) , intermediate (M , rf = . 48), and slow (5, rf = . 45) 
(Gorman and Kiang, 1977) . The three variants were found to be controlled by 
three codominant a lleles at a single locus (Gorman, 19 76 ; Hildebrand et al ., 
1980). 
